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CISLUNAR NAVIGATION SIGHTING DATA FOR 

APOLLO 11 (MISSION G )  : J U L Y  1 6 ,  1969 LAUNCH 

By Charles A .  Denham 

1.0 SUMMARY 

The navigat ion d a t a  are presented f o r  u se  during t h e  Apollo 11 
(Mission G )  J u l y  16 ,  1969, launch window. 
s t a r /ho r i zon  combinations available for use  with P23, t h e  Command Module 
Computer ( C M C )  Cislunar Midcourse Navigation Program, and t h e  crew 
c h a r t s  which w i l l  be used i f  there  i s  a l o s s  of communications a f t e r  
t r a n s l u n a r  i n j e c t i o n  (TLI) or a f t e r  lunar  module (LM) j e t t i s o n  i n  lunar  
o r b i t .  

These d a t a  include t h e  

The da ta  contained i n  t h i s  r e p o r t  have previously been t ransmi t ted  
t o  t h e  F l i g h t  Crew Support Division i n  t h e  form of memoranda, crew 
c h a r t s ,  and rough drafts. 

2.0 INTRODUCTION 

The Cislunar Mtdcourse Navigation Program (P23) i s  a CMC program 
used t o  compute t h e  cur ren t  vehic le  pos i t i on  and v e l o c i t y  from t h e  
measured angle  between a star (or p l a n e t )  and an e a r t h  (or l u n a r )  
horizon (or landmark). If ground communication i s  l o s t ,  P23 w i l l  be 
t h e  primary mode of navigat ion.  Theore t i ca l ly ,  t h e  crewman-computer 
combination r equ i r e s  no previous information t o  do t h i s  navigat ion.  
However, t h e  usable  stars a r e  near t h e  e a r t h  and/or moon, and t h e  
crewman cannot recognize t h e  star f i e l d s  because of s c a t t e r e d  l i g h t ;  
i n  add i t ion ,  p r i o r  knowledge of stars which do not v i o l a t e  cur ren t  
mission s igh t ing  c o n s t r a i n t s  w i l l  save crewman t i m e  and e f f o r t  and 
veh ic l e  f u e l .  There are 37 s t a r  pos i t i ons  s to red  i n  t h e  CMC f ixed  
memory f o r  use  with P23, and t h e  crewman may use  any o the r  c e l e s t i a l  
body f o r  s igh t ings  as long as he knows i t s  loca t ion .  A l l  stars or p lane t s  
which are v is ib le  t o  t h e  crewman may not be  usable  f o r  s t a r /ho r i zon  
s igh t ings  because of cur ren t  sex tan t ,  l i g h t  s c a t t e r i n g ,  and optimum 
naviga t ion  cons t r a in t s .  
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The purpose of t h i s  document i s  t o  present  t h e  crew c h a r t s  which 
w i l l  be used i f  communication with t h e  ground should be l o s t  a f t e r  
T L I  and during luna r  o r b i t ,  star a v a i a b i l i t i e s  f o r  t e s t s  t o  be conducted 
during t h e  t r ans luna r  and t r a n s e a r t h  t r a j e c t o r i e s ,  star a v a i l a b i l i t y  
and s igh t ing  schedule if t h e r e  i s  a loss of communications on t h e  t r a n s -  
e a r t h  t r a j e c t o r y ,  and c o n s t r a i n t s  which a f f e c t  t h e  choice of navigation 
stars. 

ALO 

AOS 

CMC 

CSM 

E1 

g . e . t .  

G . m . t .  

LM 

LO1 

LOS 

MCC 

PAD 

PER1 

PTC 

P23 

REV 

TE 

3.0 SYMBOLS 

abort  from luna r  o r b i t  

acqu i s i t i on  of star 

Command Module Computer 

command and se rv ice  module 

ea r th  en t ry  i n t e r f a c e  

ground elapsed t ime 

Greenwich mean t i m e  

lunar module 

lunar o r b i t  i n s e r t i o n  

loss  of star 

midcourse co r rec t ion  

preadvisory data 

per i lune  

passive thermal con t ro l  

program 23, Cislunar Midcourse Navigation 

revolu t ion  

t r a n s e a r t h  
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T E I  t r a n s e a r t h  i n j e c t i o n  

TLA t r ans luna r  abor t  

TLI  t r ans luna r  i n j e c t i o n  

4.0 CURRENT STAR AVAILABILITY CONSTRAINTS 

A l l  of the. stars which a re  v i s i b l e  t o  t h e  crewman a r e  not usable  
f o r  onboard navigation. The s t a r s  which cannot be used a r e  de l e t ed  f o r  
one or more v i o l a t i o n s  of s igh t ing  c o n s t r a i n t s ;  t h e s e  c o n s t r a i n t s  a r e  
descr ibed i n  re ference  1 and a re  l i s t e d  he re .  

4 . 1  Trunnion Angle 

The t runnion  angle ,  t h e  angle between t h e  star l i n e  of s i g h t  and 
horizon (or landmark) l i n e  of s i g h t ,  which i s  measured by t h e  crewman, 
must be l e s s  than  50' un less  t he  sun i s  wi th in  45' of  t h e  horizon (or 
landmark) l i n e  of s i g h t ,  i n  which case  t h e  maximum t runnion  angle  i s  45'. 
The minimum trunnion angle  i s  2'. 
c o n s t r a i n t ;  t h e  45' maximum and t h e  2' min imum a r e  ope ra t iona l  c o n s t r a i n t s  
based on s c a t t e r e d  l i g h t  i n  t h e  sex tan t .  

The 50' maximum i s  a mechanical 

4 .2  SLar Magnitude 

The dimmest stars which can be used when t h e  e a r t h  i s  t h e  t a r g e t  
body a r e  of 3.0 magnitude; when t h e  moon i s  t h e  t a r g e t ,  3.5 magnitude 
stars may be used. 
t h e  t a r g e t  body and on horizon d e f i n i t i o n .  
t u d e  i s  a func t ion  of s e v e r a l  va r i ab le s  which inc lude  t h e  sun-vehicle- 
t a r g e t  and s tar-vehicle-sun angles. 

These cons t r a in t s  a r e  based on l i g h t  s c a t t e r i n g  from 
The a c t u a l  usable  star magni- 

4 .3  Sun Eleva t ion  

The l o c a l  sun e l eva t ion  at t h e  t a r g e t  po in t  must be g r e a t  enough t o  
provide i l lumina t ion  without  d i s t o r t i o n .  
minimum f o r  lunar  s i g h t i n g s  and a loo minimum f o r  e a r t h  s igh t ings .  

Current c o n s t r a i n t s  a r e  a 5' 
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5.0 W K I N G  PROCEDURES 

Unlike t h e  moon, t h e  e a r t h  does not have a d e f i n i t e  horizon l o c a t o r  
because of the l i g h t  s c a t t e r i n g  p rope r t i e s  of t h e  atmosphere. 
t r ans luna r  coast ,  two batches of s t a r / e a r t h  horizon marks are scheduled 
t o  a s c e r t a i n  t h e  horizon l o c a t o r  a l t i t u d e  and sex tan t  e r r o r  model. The 
recommended procedures t o  perform t h e s e  marks, as we l l  as a l l  o the r  
s t a r /ho r i zon  marks, a r e  shown i n  f i g u r e s  1 and 2.  

During 

Procedures which have been designed t o  reduce t h e  u n c e r t a i n t i e s  
From i n  bias between success ive  marks a r e  shown i n  f i g u r e s  1 and 2. 

f i g u r e  1, it is  seen t h a t  t h e  edge of t h e  star and not t h e  cen te r  
should be placed on t h e  horizon l o c a t o r ;  and from f i g u r e  2,  it i s  seen 
t h a t  t h e  s t a r  should be pos i t ioned  on t h e  l o c a t o r  approaching from 
dark space and not from t h e  marked body. 

6.0 STAR AVAILABILITY DATA 

S t a r  a v a i l a b i l i t y  d a t a  f o r  t h e  J u l y  16,  1969, Apollo 11 (Mission G )  
launch d a t e  are given i n  t h e  a t tached  t a b l e s  and f i g u r e s .  
a r e  included i n  t h e  following order :  crew c h a r t s ,  t r a n s l u n a r  s t a r /ho r i zon  
combinations, t r a n s e a r t h  s t a r /ho r i zon  combinations, and t r a n s e a r t h  
s ta r /hor izon  combinations f o r  a nominal 30-revolution s t a y  i n  lunar  o r b i t .  

The d a t a  

6.1 Crew Charts 

There a re  two sets of crew c h a r t s  which con ta in  star a v a i l a b i l i t y  
information t h a t  w i l l  be c a r r i e d  on board t h e  Apollo v e h i c l e .  These 
c h a r t s  a r e  fo r  crewman use  if l o s s  of communications should occur i n  
t h e  following two cases .  

1. After T L I  p lus  25 minutes and before  T'LI p lus  4 hours 

2. During luna r  o r b i t  a f t e r  LM j e t t i s o n  

The abor t  procedures and t h e  condi t ions  t h a t  r e q u i r e  abor t s  of t h e s e  
two types  a re  presented i n  r e fe rence  2. A b r i e f  summary i s  given he re .  
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An abor t  from t h e  t rans lunar  coas t  a t  TLI  plus  4 hours i s  caused 
by a l o s s  of communications a f t e r  T L I  p lus  25 minutes and i n a b i l i t y  of 
t h e  CSM t o  perform t r anspos i t i on ,  docking, and ex t r ac t ion  of t h e  LM. 
The T L I  p lus  4 hour abor t  PAD w i l l  be voiced up t o  t h e  CSM during t h e  
e a r t h  parking o r b i t  and w i l l  be  updated at TLI  plus  1 hour i f  communications 
e x i s t  at  t h a t  t ime. The crew char t s  which g ive  t h e  s t a r  a v a i l a b i l i t y  
and d e t a i l e d  s ight ing  schedules f o r  abor t s  at TLI  p lus  4 hours a r e  
presented i n  f i g u r e s  3 and 4. I n  t h e s e  c h a r t s ,  t h e  star a v a i l a b i l i t y  
i s  given f o r  two poss ib le  launch azimuths and T L I  oppor tuni t ies  which 
a r e  i d e n t i f i e d  on t h e  f igu res .  For  abo r t s  from t r a j e c t o r i e s  o ther  
t h a n  from these. two, t h e  stars which w i l l  be ava i l ab le  w i l l  be t h e  same, 
but  t h e  acqu i s i t i on  and l o s s  times w i l l  d i f f e r .  These two c h a r t s  
provide navigat ion information which covers t h e  e n t i r e  window for abor t s  
from t r ans luna r  coast  a t  TLI  plus  4 hours. 

Crew c h a r t s  t h a t  g ive  star a v a i l a b i l i t y  and s igh t ing  schedules f o r  
a b o r t s  from lunar  o r b i t  a r e  presented i n  f i g u r e  5.  The da ta  are 
presented f o r  abor t s  caused by l o s s  of communications a f t e r  LM j e t t i s o n .  
If CSM communications f a i l  before LM j e t t i s o n ,  t h e  LM would provide 
some backup c a p a b i l i t y  and could be re ta ined  f o r  t h e  t r a n s e a r t h  l e g .  
The abor t  da ta  f o r  an ea r ly  TEI  burn w i l l  be uplinked one or more 
revolu t ions  ahead during lunar  o r b i t .  
i n  r e f .  3.) 
information concerning two possible  t r a j e c t o r i e s :  a T E I  a f t e r  28 rev- 
o l u t i o n s  i n  lunar  o r b i t  f o r  a 72' launch azimuth, f i r s t  TLI  opportuni ty;  
and a TEI a f t e r  35 revolu t ions  i n  l una r  o r b i t  f o r  a 108O launch azimuth, 
second T L I  opportunity.  For abor t s  from t r a j e c t o r i e s  o the r  than  t h e s e  
two, t h e  ava i l ab le  stars w i l l  be t h e  same, but  AOS and LOS t imes w i l l  
change; t h e  s igh t ing  schedule i s  v a l i d  f o r  a l l  t r a j e c t o r i e s  between 
t h e s e  two. 

(Nominal upl ink t imes a r e  contained 
The crew cha r t  f o r  possible  abor t s  from lunar  o r b i t  conta ins  

6.2 Nominal Star  Se lec t ion  Data 

The star a v a i l a b i l i t y  and horizon combinations f o r  t h e  nominal 
t r a n s l u n a r  t r a j e c t o r i e s  a r e  presented i n  f i g u r e  6 .  The cur ren t  f l i g h t  
p l an  ( r e f .  3 )  provides f o r  two batches of s t a r / e a r t h  horizon s igh t ings  
on t h e  t r ans luna r  l e g  of t h e  mission, and t h e  f i g u r e s  a r e  marked t o  
i n d i c a t e  t h e s e  batches.  These two batches w i l l  be used t o  v e r i f y  or 
update t h e  e a r t h  horizon a l t i t u d e  loaded i n  t h e  CMC and t o  check t h e  
SXT e r r o r  model. I f  t h e s e  s igh t ings  a r e  moved i n  t h e  t ime l i n e ,  
s i g h t i n g  d a t a  may be  read d i r e c t l y  from f i g u r e  6.  
t h e s e  marks a r e  given i n  t a b l e  I .  

Numerical da t a  f o r  
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The s t a r s  used t o  determine t h e s e  parameters a r e  se l ec t ed  based 
on t h e  following gu ide l ines .  

a. The angular s epa ra t ion  between t h e  stars should be as g r e a t  as 
poss ib l e  t o  use t h e  maximum amount of v i s i b l e  horizon. ( f i g s .  7 and 8 ) .  

b. I f  a t  a l l  poss ib l e ,  one p a i r  of stars should be s e l e c t e d  such 
t h a t  t h e i r  separa t ion  i s  180" t o  minimize t h e  e f f e c t  of t runnion  angle  
b i a s .  If a p a i r  with 180" of s epa ra t ion  i s  not a v a i l a b l e ,  a p a i r  with 
as c l o s e  t o  180° as poss ib l e  should be used. 
a t  0600 hours g . e . t .  i s  shown i n  f i g u r e  7;  stars 40 and 45 have an 
angular separa t ion  of 187O. Two p a i r  a r e  shown i n  f i g u r e  8; stars 
44 and 2 have a sepa ra t ion  of 173", and stars 45 and 1 have a sepa ra t ion  

The star a v a i l a b i l i t y  

of 168". 

c .  If f i v e  d i f f e r e n t  stars a r e  not a v a i l a b l e ,  t h e  dimmest a v a i l a b l e  
star should be repeated t o  b r ing  t h e  t o t a l  number of s e t s  of marks t o  
f i v e .  However, t h e  t o t a l  number of s e t s  on a star should not exceed 
two. For example, note from t a b l e  I t h a t  star 44, magnitude 2.5,  i s  
used f o r  two s e t s  of marks during each ba tch .  

The s ta r /hor izon  combinations f o r  t h e  nominal t r a n s e a r t h  t r a j e c t o r y  
based on cur ren t  s i g h t i n g  c o n s t r a i n t s  a r e  presented i n  f i g u r e  9. 
The s igh t ing  schedule i f  l o s s  of communications occurs during t h e  
t r a n s e a r t h  l eg  i s  marked on t h e s e  f i g u r e s ;  t h e  same d a t a  are c a r r i e d  on 
board i n  t h e  f l i g h t  plan ( r e f .  3) and a r e  included i n  t a b l e  11. 

During t h e  t r a n s e a r t h  coas t ,  t h e r e  are s e v e r a l  oppor tun i t i e s  f o r  

The :- 
t h e  navigator t o  attempt s t a r / e a r t h  horizon s i g h t i n g s  t o  v a l i d a t e  or 
update t h e  current 10" minimum sun e l eva t ion  angle c o n s t r a i n t .  
suggested s igh t ing  schedule i s  given i n  t a b l e  I11 and i n  f i g u r e  10  which 
shows t h e  nominal t r a n s e a r t h  t r a j e c t o r y  star ava i l abLl i ty  . 

\, . . 
The s t a r s  i n  f i g u r e s  7 and 8 which a r e  named and numbered have t h e i r  

pos i t i ons  s tored  i n  t h e  CMC f ixed  memory. The a d d i t i o n a l  stars p ic tu red  
are from t h e  first 158 i n  t h e  RTCC star ca ta logue  ( r e f .  4 ) .  These stars 
a r e  not i d e n t i f i e d ,  but a r e  included t o  show t h a t  t h e  d a t a  i n  t a b l e  I 
i s  t h e  optimum s i g h t i n g  da ta .  



7 . 0  FORMAT OF FIGURES 

? 

Each of f i g u r e s  3 through 6 and 9 a r e  drawn wi th  t h e  same b a s i c  
format. The ho r i zon ta l  g r i d  l i n e s  represent  t h e  t ime i n  hours from t h e  
event given i n  t h e  upper l e f t  corner of t h e  f i g u r e s ;  t h e  v e r t i c a l  l i n e s  
r ep resen t  star a v a i l a b i l i t y  w i t h  a p a r t i c u l a r  body/horizon which i s  
i d e n t i f i e d  along t h e  upper margin. 
two l e t t e r s ,  with XY keyed as follows. 

Octa l  star numbers a r e  given with 

X = E means t h e  e a r t h  is the t a r g e t  

X = M means t h e  moon i s  t h e  t a r g e t  

Y = N means t h e  near horizon i s  used 

Y = F means t h e  far horizon i s  used 

For example, t h e  code 40EF means t h a t  star number 40, common name 
A l t a i r ,  would be used with t h e  ear th  f a r  horizon. 

The measured plane angle  f o r , e a c h  s t a r /ho r i zon  combination i s  
given a t  t h e  bottom of t h e  cha r t .  This angle i n d i c a t e s  t h e  amount of 
information t o  be gained when t h i s  s t a r /ho r i zon  combination i s  used 
t o  update t h e  CMC state v e c t o r ;  Therefore, observations made with stars 
i n  t h e  o r b i t a l  plane should be  emphasized. One set i n  which an 
out-of-plane star i s  used (measured plane angle  > 45') i n  every f i v e  s e t s  
i s  s u f f i c i e n t .  

8.0 SUMMARY TABLES 

Summaries of t h e  information f o r  each t r a j e c t o r y  given i n  t h e  
f i g u r e s  a r e  presented i n  t a b l e  I V  through X X V .  The following d a t a  
a r e  included f o r  each t r a j e c t o r y .  

a. S t a r  number i n  o c t a l  and i t s  a s soc ia t ed  horizon 

b.  To ta l  a v a i l a b i l i t y  t i m e  i n  minutes 

c .  Acquis i t ion  and loss times i n  hours t o  t h e  nea res t  half-hour 
from t h e  s ta r t  and end o f  t h e  t r a j e c t o r y  

d.  S t a r  magnitude 
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e .  Trunnion angle  i n  degrees a t  acqu i s i t i on  and l o s s  

f .  Sun e l eva t ion  angle a t  t h e  s u b s t e l l a r  po in t  i n  degrees. - -. - l i .  

a t  acquis i t ion  and lo s s  

g .  The sca t t e red  l i g h t  f a c t o r ,  which i s  a func t ion  of star-sun- 
vehicle-body geometry and which determines if a star can be seen 
aga ins t  t h e  horizon 

h .  The measured plane angle  i n  degrees a t  acqu i s i t i on  and loss  

The general  loss of communications navigat ion procedure t o  be 
followed i n  every case  not covered by a crew char t  or t h e  f l i g h t  
plan a r e  presented i n  t a b l e  XXVI. 

9.0 DATA REFERENCES 

The a v a i l a b i l i t y  of s t a r /ho r i zon  combinations f o r  t h e  seve ra l  cases  
covered i n  t h i s  paper were generated by t h e  program ORION,  Opt ica l  
Requirements In t e r roga to r  f o r  Orb i t a l  Navigation ( r e f .  6 ) .  Nominal 
t r a j e c t o r y  information f o r  t h e  abor t s  from t r ans luna r  coas t  w a s  
provided by L t .  C .  J .  Laetz of F l t g h t  Analysis Branch, WAD. . . 

Mr. G .  L .  Norbraten of Lunar Mission Analysis Branch, MPAD, provided 
t h e  T E I  vectors  f o r  t h e  abor t s  from lunar  o r b i t  and f o r  t h e  nominal 
TEI  t r a j e c t o r i e s .  
t h e  Apollo 10  opera t iona l  t r a j e c t o r i e s  ( r e f .  7 ) .  
f o r  t h e  abort  from lunar  o r b i t  crew cha r t  w a s  based on t h e  nomina l t r ans -  
e a r t h  schedule ( r e f .  5) and t h e  da t a  i n  t a b l e  XXVI.  Data f o r  W-matrix 
i n i t i a l i z a t i o n  for aborts  from l u n a r  o r b i t  were taken from reference 8; 
d a t a  f o r  W-matrix i n i t i a l i z a t i o n  f o r  abor t s  from t r a n s l u n a r  coast  at TLI 
plus  4 hours were taken from reference 9 which a l so  contains  an ana lys i s  
of t he  s igh t ing  schedule.  

The remainder of t h e  vec tors  were obtained from 
The s igh t ing  schedule 
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TABLE 111.- SUGGESTED S I G H T I N G  SCHEDULE FOR SUN ELEVATION 

CONSTRAINT TESTS DURING TRANSEARTH COAST 

T i m e  from 
T E I ,  hr : m i n  

1:30 

13 : 00 

19 : 00 

35 : 00 

41 : 30 

49 : 00 

S t a r  
( o c t a l )  

03 
01 

03 
02 
07 

03 
01 
11 

03 
02 
01 

03 
07 
13 

03 
07 
01 

S t a r  
m a g n i t u d e  

2.1 
2.1 

2.1 
2.2 
2.8 

2.1 
2.1 
1.1 

2.1 
2.2 
2.1 

2 ..1 
2.8 
0.2 

2.1 
2.8 
2.1 

H o r i z o n  

N e a r  
Far 

N e a r  
Far 
N e a r  

N e a r  
Far 
N e a r  

N e a r  
Far  
Far  

N e a r  
N e a r  
N e a r  

N e a r  
N e a r  
Far  

Sun elevat ion,  
deg 

16.3 
24.1 

15 - 7  
43.4 
47.9 

15.0 
27.7 
78.0 

46.4 
34.5 

12.3 

10.2 
32.9 
64.0 

5.4 
20.2 
46.0 
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TABLE XXV1.- LOSS OF COMMUNICATIONS NAVIGATION PROCEDURES 

1. T L I  p lus  4 h r  abor t  (de t a i l ed  schedules provided) 

a. Make abor t  burn.  
b. I n i t i a l i z e  W-matrix at the  f irst  mark t o  value given on t h e  

d e t a i l e d  s i g h t i n g  schedule.  
c .  I n i t i a t e  s i g h t i n g  as soon as poss ib l e  a f te r  abor t  according t o  

the schedule given i n  t h e  crew cha r t .  

1. 
i n t e r v a l s .  

2.  The v e r t i c a l  l i n e s  represent  stars which are ava i l ab le  f o r  
u se  with P23. 

3. 
ings  requi red  with t h e  given s t a r .  

4. 

The 'hor izonta l  l i n e s  represent  t h e  s t a r t  of t h e  s i g h t i n g  

The numbers adjacent t o  t h e  v e r t i c a l  l i n e s  are t h e  s igh t -  

Only e a r t h  horizon marks w i l l  be  made. 

d.  C r e w  c h a r t s  a r e  provided f o r  each day t o  insure  coverage f o r  
t h e  e n t i r e  d a i l y  launch window. The c h a r t s  provide d a t a  f o r  a sho r t  
r e t u r n  t i m e  (25 hr or l e s s )  and f o r  a long r e t u r n  t ime ( g r e a t e r  than  
25 h r ) ;  t a r g e t s  f o r  a b o r t s  f r o m t r a j e c t o r i e s  o ther  than  those  given on 
t h e  crew c h a r t s  are t h e  same, but . acquis i t ion  and loss  t imes of t h e  
stars w i l l  d i f f e r .  

2 .  Lunar o r b i t  abo r t s  (de t a i l ed  schedules provided) 

a. The first 1 7 , h r  and t h e  las t  25 h r  of t h e  schedule should not 
be changed. 

b. The da ta  i n  t h e  middle o f  t h e  TE l e g  may be rearranged f o r  
rest per iods  and midcourse maneuvers. 

c .  CHANGE TO THE E 1  CHART AT E 1  MINUS 40 HR. 
d. The key for t h e  de t a i l ed  schedule i s  as follows. 

1. The v e r t i c a l  s o l i d  l i n e  ind ica t e s  s ta r /hor izon  combinations 
a v a i l a b l e  f o r  t h e  e a r l i e s t  TEI caused by loss of communications T E I  
(28 revolu t ions  i n  lunar  o r b i t ,  72' launch azimuth, f i r s t  T L I  
oppor tuni ty)  . 
a v a i l a b l e  f o r  a la ter  T E I  (34 revolut ions i n  lunar  o r b i t ,  108O launch 
azimuth, second T L I  oppor tuni ty) .  

The ho r i zon ta l  s o l i d  l i n e  i n d i c a t e s  t h e  s ta r t  of a s igh t -  
i n g  i n t e r v a l .  

The numbers adjacent t o  t h e  v e r t i c a l  l i n e s  are t h e  requi red  
s igh t ings  with t h e  given s ta r .  

2. The v e r t i c a l  dashed l i n e  i n d i c a t e s  s ta r /hor izon  combinations 

3. 

4. 
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TABLE XXV1.- LOSS OF COMMUNICATIONS NAVIGATION PROCEDURES - Continued 

3. For l o s s  o f  communications during t h e  nominal t r a n s e a r t h  t r a j e c -  
t o r y ,  t h e  scheduled s igh t ings  and i n i t i a l  W-matrices provided i n  t h e  
F l i g h t  Plan should be followed. 

4. 
crew c h a r t s  and t h e  F l i g h t  Plan.  

General TE o p t i c a l  navigat ion r u l e s  f o r  cases  not included i n  t h e  

a. A s igh t ing  i s  t o  cons i s t  of t h r e e  marks. 
b. A s igh t ing  i n t e r v a l  i s  t o  cons i s t  of a t  least t h r e e  s t a r /ho r i zon  

s i g h t i n g s ,  although as many as f ive  are advisable  ( f i v e  should be used 
a t  t h e  end o f  every s l eep  p e r i o d ) .  
t h e  o r b i t a l  plane should be emphasized. One s igh t ing  made with an 
out-of-plane s t a r  (ange > 45' t o  t h e  o r b i t  p lane)  i n  every f i v e  sets 
i s  s u f f i c i e n t .  If only t h r e e  stars are grouped toge the r ,  a l l  stars 
should be  inplane.  

immediately a f t e r  a per iod  of length  A t ,  not  t o  exceed 3 hours i n  a 
non-PTC mode, f i v e  t i m e s  A t  should be spent  i n  a F T C  mode (based on 
thermal  cons t r a in t s )  , provided it does not i n t e r f e r e  wi th  navigat ion 
s igh t ings  which are e s s e n t i a l  f o r  a safe en t ry .  

every ha l f  hour while  navigat ion s igh t ings  are i n  progress .  The 
sex tan t  c a l i b r a t i o n  w i l l  be repeated u n t i l  a t  l eas t  two checks (not  
necessa r i ly  sequent ia l  ones)  are i n  agreement t o  wi th in  0.003O. 

W-matrix w i l l  b e  i n i t i a l i z e d  t o  10  000 feet  and t o  10 f t / s e c  f o r  
onboard processing of t h e  t r a n s e a r t h  s igh t ing  d a t a .  Navigation s ight -  
ings w i l l  be scheduled every 2 . 5  hours i n  t h e  sho r t  r e t u r n  t r a j e c t o r y ,  
and only s t a r / e a r t h  horizon marks w i l l  be  made. 
i n t e r v a l  w i l l  b e  scheduled j u s t  after t h e  l as t  midcourse co r rec t ion  a t  
E 1  minus 3 hours. 

f .  The t r a n s e a r t h  navigat ion s igh t ing  schedule i n  t h e  f l i g h t  p l an  
i s  designed f o r  a 60-hour r e t u r n  t r a j e c t o r y  (30 revolu t ions  i n  luna r  
o r b i t ) .  
by communications l o s s  or any o the r  reason,  t he  following r u l e s  a r e  
t o  be followed t o  s e t  up a navigat ion s igh t ing  schedule t o  ensure a 
safe en t ry .  

Observations made with stars i n  

c .  The navigat ion s igh t ing  i n t e r v a l s  should b e  scheduled so t h a t ,  

d .  The sex tan t  c a l i b r a t i o n  rou t ine  w i l l  be exerc ised  a t  least  

e .  I f  an abor t  burn i s  performed during t r ans luna r  coas t ,  t h e  

The las t  s i g h t i n g  

If t h e  r e t u r n  t i m e  i s  a l t e r e d  because of an e a r l y  T E I  caused 

1. T E I  through T E I  p lus  17 h r  

The nominal schedule i s  t o  be followed from T E I  t o  TEI  p lus  
17  h r .  The f i r s t  two batches of s igh t ings  are t o  be  on t h e  moon, and 
t h e  second two batches are t o  be  on t h e  e a r t h .  They a r e  scheduled a t  
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approximately T E I  p lus  1 h r  30 min, TEI p l u s  11 h r  30 min, TEI  p lus  
13 h r ,  and T E I  p lus  15 h r .  The corresponding s igh t ings  are shown i n  
t h e  f l i g h t  plan.  

2. E1 minus 25 h r  through E 1  

The nominal schedule i s  a l s o  t o  be  followed from E 1  minus 
25 h r  t o  E I .  
E 1  minus 25 h r ,  E 1  minus 23 h r ,  E 1  minus 19 h r ,  E 1  minus 15  h r ,  E 1  
minus 10 h r ,  EI 'minus 5 h r ,  and E 1  minus 2 h r  30 min. The correspond- 
ing  c e n t r a l  body f o r  t h e  star horizon s i g h t i n g s  i s  shown i n  t h e  f l i g h t  
p lan .  

The navigat ion s ight ings  are scheduled a t  approximately 

3. TEI p lus  17 h r  through E 1  minus 25 hr  

Between TEI  p lus  17 h r  and E 1  minus 25 h r ,  schedule two-thirds 
as many s igh t ings  as t h e r e  a r e  hours of  coas t  during t h i s  per iod.  
S ight ings  should be scheduled i n  a r a t i o  of 2 t o  1 ( e a r t h  t o  moon) wi th  
a minimum of 10  s igh t ings  during t h i s  coas t  per iod  ( i . e . ,  i f  t h e  t ime 
between T E I  p lus  17 h r  and E1 minus 25 hr i s  less than  18 h r ,  10 
s igh t ings  w i l l  b e  r equ i r ed ) .  

Q. Large s ta te  vec tor  cor rec t ions  may be expected a t  t h e  following 
times . 

1. A t  i n i t i a t i o n  o f  t racking  
2.  A t  t h e  f i r s t  switch of r e fe rence  bodies  
3. A f t e r  a long period of no s igh t ings  
4. 

If a l a r g e  state vector  co r rec t ion  ( g r e a t e r  than  50 n. m i .  - . 

During t h e  l as t  hours of TE coas t  when t h e  vehic le  i s  near  
t h e  e a r t h  

i n  p o s i t i o n  and 50 f p s  i n  ve loc i ty )  i s  displayed during t h e  V06N49 d is -  
p lay  i n  P23, t h e  mark should be r e j e c t e d  and repeated.  If t h e  l a r g e  
co r rec t ion  occurs again,  it should be accepted and incorporated.  

h .  S t a r  a v a i l a b i l i t y  i s  d i r e c t l y  r e l a t e d  t o  t h e  G . m . t .  of e n t r y  
i n t e r f a c e ,  If an abor t  should occur which i s  not covered by a crew 
cha r t  bu t  which has an E 1  t i m e  t h a t  i s  t h e  same as t h e  one on a crew 
c h a r t ,  t h e  star a v a i l a b i l i t y  from t h e  crew cha r t  may be  used near  t h e  
e a r t h .  
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